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C03O4, ZnFe204, CoFe204, ZnCo204, and Fe304 thin 
films were fabricated by pulsed laser deposition at high 
and low temperatures resulting in crystalline single¬ 
phase normal, inverse, as well as disordered spinel oxide 
thin films with smooth surface morphology. The dielec¬ 
tric function, determined by spectroscopic ellipsometry 
in a wide spectral range from 0.5 eV to 8.5 eV, is com¬ 
pared with the magneto-optical response of the dielec¬ 
tric tensor, investigated by magneto-optical Kerr effect 
(MOKE) spectroscopy in the spectral range from 1.7 eV 
to 5.5 eV with an applied magnetic field of 1.7 T. Crys¬ 
tal field, inter-valence and inter-sublattice charge transfer 
transitions, and transitions from 02 p to metal cation 3 d 


or 4 s bands are identified in both the principal diagonal 
elements and the magneto-optically active off-diagonal 
elements of the dielectric tensor. Depending on the de¬ 
gree of cation disorder, resulting in local symmetry dis¬ 
tortion, the magneto-optical response is found to be 
strongest for high crystal quality inverse spinels and for 
disordered normal spinel structure, contrary to the first 
principle studies of CoFe204 and ZnFe204. The results 
presented provide a basis for deeper understanding of 
light-matter interaction in this material system that is of 
vital importance for device-related phenomena and engi¬ 
neering. 
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1 Introduction Semitransparent spinel oxides con¬ 
tinue to receive a considerable amount of attention due 
to their numerous high-frequency and high-power ap¬ 
plications, including microwave devices, magnetic and 
magneto-optical recording, detectors, sensors, and elec¬ 
tronic information mass storage. imiammm With a chem¬ 
ical formula AB2O4, spinel ferrites and cobaltites consist 
of a cubic close-packed arrangement of oxygen ions, with 
and ions located at two different crystallographic 
sites. ||6l The ideal crystallization process results in either 
normal or inverse spinel structure depending on the mate¬ 
rial, while the growth temperature determines the level of 


disorder in these structures. Il 3 ll 7 l C03O4 (CCO), ZnFe204 
(ZFO), and ZnCo204 (ZCO) are ideally crystallizing in 
a normal spinel structure. They have a general ion dis¬ 
tribution formula (A^+)[B^+]204“, where the divalent 
A2+ ions occupy one eighth of the tetrahedral sites, de¬ 
noted by parentheses, of the cubic close-packed oxygen 
lattice, while the trivalent B^+ ions occupy one half of the 
octahedral sites, denoted by square brackets. Q The in¬ 
verse spinel structure, which is present for ideal CoFe204 
(CFO) and Fe304 (FFO), has a general formula for the 
ion distribution (B^+)[A^+B^+]04“. The tetrahedral sites 
are occupied by half of cations, while the octahedral 
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sites are occupied by the rest of cations and the 
cations. When A is a magnetic ion, a net magnetic mo¬ 
ment of the eight parts forming the unit cell in AB 2 O 4 is 
present due to uncompensated magnetic moments of the A 
and/or B magnetic sub-lattices. According to the strength 
of the oxygen mediated A-O-A or A-O-B coupling mate¬ 
rials are either ferrimagnetic or ferromagnetic. Eiiiiini 

A comparison of the dielectric function of investigated 
thin films with that of other spinels and similar materi¬ 
als allows an assignment of the transitions. The assigned 
optical and magneto-optical transitions are related to ei¬ 
ther inter-valence charge transfer (TVCT), inter-sublattice 
charge transfer (ISCT) transitions, crystal field (CF) tran¬ 
sitions, namely CF splitting of Co^+ orbitals, or from 
O 2 P band to electronically higher A or B ion bands. Sim¬ 
ilar electronic stracture and electronic transitions have 
also been found in other transitions metal oxides such as 
NiFe 204 , CuFe 204 , Lio. 5 Fe 2 . 4 O 4 , MgFe 204 . ll8ll9lfT8lfT9l 
1^ Optical investigations of CCO and ZCO have revealed 
a strong dependence of the electronic stracture on the 
growth method and conditions in relation to the structural 
properties. |[l2ll27ll^|44l A smaller lattice constant, nar¬ 
rower spectral features with lower transition energies of 
the CCO film grown by molecular beam epitaxy (MBE), 
Ref. 44, as compared to the film grown by pulsed laser 
deposition (PLD), for example, indicates a slightly higher 
crystal quality of the MBE film with fewer defects. l44l 
However, only few works have been published on the 
magneto-optical properties of ZCO and CCO. lIZTlI^ Re¬ 
cent studies have been made on the electronic structure 
of magnetite ca as well as theoretical papers on elec¬ 
tronic and magnetic properties of ZEO and CEO exhibiting 
normal, inverse and partially inverse structures. Hem It 
was found that highest magnetic moment is expected for 
a normal spinel unit cell and the lowest for an inverse or 
disordered spinel structure. ll6ll9l lT6ll46l Extensive research 
of either magneto-optical properties or optical properties 
of CCO, ZEO, CEO, and EEO has presented experimen¬ 
tally the deviation of the electronic structure from the 
one expected for the bulk material in both normal and 
inverse spinel structures. ll^rmiMlimiZ^ it is only re¬ 
cently that optical and magneto-optical properties of ZEO 
and CEO films were compared to each other and a direct 
correlation between the lattice structure and the magneto¬ 
optical response was investigated. ll^ flTl However, for such 
a wide series of investigated materials, no such study was 
performed in dependence on the growth temperature as 
well as with regard to their electronic structure. Supported 
by structural analysis, this work presents experimental 
evidence of lattice distortion, namely presence of Ee^+ 
cations on tetrahedral lattice sites, as an adequate explana¬ 
tion for the observed strength of magneto-optical response, 
with regard to electronic transitions in a wide spectral 
range. 

2 Experimental Details 


2.1 Samples ZEO, CEO, ZCO, and CCO thin films 
were deposited on MgO (100) and EEO on MgAl 204 (100) 
substrates by PLD using a KrE excimer laser with the 
wavelength of 248 nm, a laser pulse energy of 600 mJ, and 
an energy density on the target of about 2 Jcm~^. In this 
study, all films were grown at low temperatures (LT), ^ 
300 °C and high temperatures (HT), ~ 650 °C, except for 
EEO, which was grown at HT only. The deposition temper¬ 
atures were measured at the radiation heater element, but 
the actual substrate temperature is expected to be lower by 
up to 80 K. lflTll The film thickness ranges from 120nm to 
450 nm. 

2.2 Structural Properties The crystalline structure 
of the samples was analyzed by X-ray diffraction (XRD) 
20 — uj scans using a wide-angle Phillips X’Pert Bragg- 
Brentano diffractometer and CuK^ radiation. The sample 
surface morphology was examined using a Park systems 
XE-150 atomic force microscope, operated in dynamic 
non-contact mode. 

XRD 20 — UJ scans. Pig. reveal that the thin films 
contain only single-phase material with no additional ob¬ 
servable secondary phases. Parallel orientation of the sub¬ 
strate and crystal axis of the single-phase films, found by 
XRD (j) scans, show epitaxial relationships (Ref. [7] for 
films grown at similar conditions). Narrow reflection peaks 
with Kai — Ka 2 line splitting, visible for the HT CEO 
thin film, illustrates the high crystalline quality. Due to the 
inversion of the spinel structure in CEO, a different epi¬ 
taxial alignment to the substrate, with a (331) orientation 
is observable. I(^ LT CCO and LT CEO Aims, however, 
are X-ray amorphous. The lattice constants for ZEO and 
ZCO Aims are closer to the bulk values for samples grown 
at high temperature, as expected for a more ideal cubic 
structure. ||3|l2^l2^l28ll2^ The shift of the lattice constant 
is due to fewer defects, such as cation disorder and oxygen 
vacancies, a lattice relaxation with increasing growth tem¬ 
perature is therefore observable. If30l The lattice constants 
of thin Aims, extrapolated from cos^( 6 )) and the literature 
bulk values are listed in Table 1. 

The APM surface scans reveal a dense and smooth sur¬ 
face morphology for all investigated thin Alms, shown in 
Pig. 1^ for two extremal examples. Island-like grain struc¬ 
tures cover the surface of LT ZEO, CCO, and HT EEO thin 
Alms. The root mean square (RMS) value for LT Alms is 
larger than for the corresponding HT thin Alms, except for 
CCO. The effective medium approximation (EMA) values 
from ellipsometry modeling (sec. 2.3) are in good agree¬ 
ment with the RMS values. 

2.3 Ellipsometry The dielectric function (DP), e = 
El -b ie 2 of the thin Alms was determined by means of 
spectroscopic ellipsometry in a wide spectral range from 
0.5 eV to 8.5 eV at room temperature using a J. A. Wool- 
lam Co. Inc. VUV-VASE spectroscopic ellipsometer at an¬ 
gles of incidence of 60 ° and 10°. 03211341 Por the isoti'opic 
case, the measured quantities W and A are deflned by the 
ratio p = Tp/vs = tan<f"exp(iZ\) of the complex re- 
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different growth temperatures (black (LT)/red (HT) lines). 
The reflexes are indicated. Reflexes marked hy Kp and W 
are due to the Cu Kp and W La spectral lines of the X-ray 
tube, respectively. The splitting of the substrate reflex is due 
to the Cu Kai /2 splitting. 



Figure 2 Surface morphology of a) LT ZFO and b) HT 
ZCO with RMS less than 1 nm measured by AFM. 


flection coefficients Vp and r^. The ellipsometry spectra 
were analyzed by means of a transfer matrix technique 
for a layer stack model containing a semi-infinite layer 
for the substrate, a layer for the spinel material, and a 
surface roughness layer, each described by its thickness 
and optical constants. The optical constants of each sub- 


Table 1 Calculated lattice parameters for each material and 
bulk values from literature shown for comparison. 


Sample 

Lattice constant (A) 

Bulk lattice constant (A) 

CCO HT 

8.083 

8.0861281 

ZFO HT 

8.462 

8.441 iMl 

ZFOLT 

8.525 

8.441 OD 

CFO HT 

8.356 

8.392 01 

ZCO HT 

8.110 

8.097(2^ 

ZCOLT 

8.256 

8.097(29) 

FFO HT 

8.469 

8.391(25] 


strate, obtained from modelling the measured experimen¬ 
tal data, were found to be in a good agreement with the 
literature values. II35II36II37II The surface roughness layer 
is described by a Bruggemann EMA, mixing the DF of 
the thin film with 50% void. Obtained thickness reflects 
the surface roughness extracted from AFM measurements. 
IMl Initially the Cauchy approximation for the refractive 
index n was applied only to HT CFO and ZFO Aims in the 
transparent spectral range (0.5 — 2.5 eV). The optical con¬ 
stants, as well as the thickness, in the entire spectral range 
were determined by numerically modeling the DF using a 
Kramers-Kronig consistent B-Spline approximation. 
Based on the obtained optical constants, a parametric di¬ 
electric function model was developed for the entire spec¬ 
tral range consisting of a series of up to 8 contributing func¬ 
tions including MO-critical point model functions (CPM), 
Gaussian and Lorentzian oscillators. Ho) Gaussian-shaped 
oscillators were used to approximate broad transition fea¬ 
tures, while Lorenzian-shaped oscillators were used for 
more narrow features. The CPM functions were used for 
modeling features at the band-gap energy. ED Regression 
analysis was then applied to best match the parametric 
model dielectric function (MDF) to the numerical MDF. 
From the numerical MDF, the spectra of the absorption co¬ 
efficients were obtained. The well suitable model approxi¬ 
mation to the experimental data is illustrated for the exam¬ 
ple of LT CFO, Fig.j^a) and b). Thickness oscillations be¬ 
low the visible spectral range are observed in the measured 
spectrum. The corresponding extracted spectra of the real 
and imaginary parts of the materials dielectric function, ob¬ 
tained from the B-Spline and the parametric approximation 
including the individual MDF contributions, are shown in 
Fig.j^c) exemplary for LT CEO. The parametric MDL for 
all materials is shown in Lig. 

2.4 Magneto-Optical Kerr Effect The magneto¬ 
optical response was measured in the spectral range from 
1.7 eV to 5.5 eV with an applied held of 1.7 T in ambient 
conditions using a home-built magneto-optical Kerr effect 
(MOKE) setup allowing measurements in polar geome¬ 
try. Il42l MOKE probes the magneto-optical activity of a 
sample which can be described by non-zero off-diagonal 
elements of the dielectric tensor due to the magnetiza¬ 
tion of the sample. In the performed MOKE experiments, 
the incoming light is s-polarized and the reflected light 
is elliptically polarized. The complex Kerr angle, t^Ken^ 
consisting of ^kcit, being the polarization axis rotation, and 
VKen, being ellipticity, can be expressed by Eq.[D 

^Ken- = ^Kerr + * ' VKen- (1) 

Eor semi-transparent samples, interference enhanced 
MO features are expected due to multi-reflections inside 
the layers. To account for this effect, a layer thickness de¬ 
pendent modelling procedure for the raw MOKE data was 
carried out in order to obtain true and pure MO information 
in the form of the off-diagonal elements of the dielectric 
tensor. 
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Photon Energy (eV) Photon Energy (eV) 



Figure 3 a) tfr and b) A for two different angles of 
incidence and the respective values calculated from the 
Kramers Kronig consistent numerical B-Spline MDF ap¬ 
proximation (black), c) denoted by the black dashed line is 
the B-Spline MDF and parametric approximation ei (blue) 
and £2 (green) for LT CFO film. Green dashed lines show 
the individual contributions to the parametric model. 


In order to obtain e^y from the ^Ken spectra, a para¬ 
metric modelling procedure involving Gaussian oscillators 
with positive and negative amplitudes was used to account 
for the spectral line shape of the experimental MOKE data. 
This procedure of fitting the MOKE spectra requires also 
the ellipsometry results as additional input data. 0 A de¬ 
tailed theoretical explanation for the model approximation 
used can be found in literature. Il48l Only materials con¬ 
taining iron ions were found to show a significant MO re¬ 
sponse. Eor CCO, ZCO, and the MgO substrate no MOKE 
signal was recorded, and none is expected for MgAl 204 . 
As a result, the off-diagonal elements of the dielectric ten¬ 
sor were obtained for MO active thin films, the correspond¬ 
ing real part, ei^xy, is shown in Eig. [fright. The sign of 
ei^xy is due to the sign convention usea in the definition of 
the complex Kerr rotation angle. The real and imaginary 
parts of the complex Kerr rotation angle for all samples is 
shown in Eig. 

3 Results and Discussion The absorption coeffi¬ 
cient spectra, as determined from the numeric B-Spline 
MDE (sec. 2.3), for all films are dominated by a strong 
absorption around ~ 6.5 et^, while much weaker absorp¬ 


tion is present from ~ 1 eV to ^ 3 et^ depending on the 
material as well as the growth temperature (Eig. |^)). A 
blue shift in the absorption edge for binary oxide films 
with increasing growth temperature is present. M Even 
though the general line-shape of a does not differ dramat¬ 
ically for different growth temperatures, for ZCO, CCO, 
and ZEO, the high energy peak shows a strong increase in 
amplitude with increasing growth temperature. Eor ZCO 
the peak additionally splits into two distinct peaks with 
increasing growth temperature. Only ZEO and HT CEO 
show a transparent spectral range, for which the refractive 
index Cauchy model was applied as a model function ap¬ 
proximation. A slight decrease of the refractive index with 
increasing growth temperature for ZEO is visible Eig. |^b) 
and consistent with previous works with an estimated un¬ 
certainty of ^ 0.03. lfT4ll The slight decrease in the refrac¬ 
tive index could be caused by variations in the stoichiom¬ 
etry or the film density. It could also be due to different 
integrated oscillator strength of the electronic transitions 
at higher energies, following the Kramers-Kronig rela¬ 
tion, which changes systematically with increasing growth 
temperature. 150115111 

The modeled spectra show broad and narrow features 
depending on the growth temperature. At low energies, the 
features are either very distinctively pronounced or not vis¬ 
ible at all, resulting in transparent films in the visible spec¬ 
tral range. Eor all materials, e 2 ,xx exhibits a drop in the 
higher energy range, Eig. [fright, while ei^xx shows an 
increase suggesting additional resonances outside of the 
measured spectral range, Eig. |^left, which were accounted 
for by adding Pole functions to the model. 

The general line-shape of the parametric dielectric 
function for all materials shows the main dominating fea¬ 
tures between 5 eV and 6 eV, Eig. [fright, typical for spinel 
oxides. These features are related to transitions from the 
02 p band into 4s or higher lying bands of octahedrally co¬ 
ordinated cations, for similar energies reported by Bontgen 
et al.. im Eeatures above this energy, visible for all sam¬ 
ples, apart from EEO, are related to transitions from the 
02 p band into higher lying bands of tetrahedrally coordi¬ 
nated cations. Ql The absorption features located below 
~ 1 eV are attributed to IVCT transition between octahe¬ 
drally coordinated Ee^+ cations and tetrahedrally coordi¬ 
nated Ee^+ cations for EEO and ZEO respectivelv.ilOlfT^ 
I43ll45l Eor materials containing Co, the absorption fea¬ 
tures below 1 eV correspond to a CE transition within the 
tetrahedrally coordinated Co^+ cation, namely between 
^^2 and ^Ti bands, as reported by Kim et al. and Eontijn 
et al.. ll43ll45l This transition is also assigned to the absorp¬ 
tion features visible at ^ 1.9 eV for CEO and ZCO. ll8P3]l 
This transition should not be possible in ZCO, since Co 
is present only as Co^+. Eor both CCO and ZCO the CE 
transition is due to direct dipole-forbidden d-d intraband 
transitions at tetrahedral-site Co^+ cations. The transition 
becomes allowed due to crystal-field splitting in the cubic 
spinel structure and to hybridization of the 02 p states with 
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Figure 4 Real, 0Kerr, (left) and imaginary, ryKen, (right) part of the measured MOKE spectra ^Kerr for FFO, CFO, ZFO, 
ZCO, and CCO. Note, ZCO and CCO hlms show little to no magneto-optical response. 


cobalt 3d states, as argumented by Kormondy etal.. M 
We argue that the presence of this peak gives evidence of 
Co^’*' in ZCO and thus hints to disorder in the ionic struc¬ 
ture. For CCO, however, the absorption feature at ^ 1.7 eV 
is related to ISCT transition between tetrahedrally coor¬ 
dinated Co^+ and octahedrally coordinated Co^+ cations, 
identified by Kim et al. and visible in the work by Kor¬ 
mondy et al. at the same energy. II43II44I Consequently, 
for FFO, the absorption feature at this energy corresponds 
to an IVCT between octahedrally coordinated Fe^+ and 
Fe^+ cations. Il45ll46l While for inverse spinels, FFO and 
CFO, the absorption features between 2 eV and 4 eV can 
be described by IVCT and ISCT transitions, for normal 
spinels, ZFO, ZCO and CCO, the features are attributed 
solely to transitions from the 02 p band to bands belonging 
to different A and B ions of the AB 2 O 4 cubic lattice. m 
The transition energies are in a good agreement with those 
reported for the same or similar material systems, making 
the assignment of the transitions accurate. Transition ener¬ 
gies and their assignment from literature are listed in Table 
2 . 

A common feature visible in all MO active materials 
is located at high energy range, above ~ 4.60 eV, and 
can be interpreted as a transition from the 02 p band to 


4s and higher lying bands of octahedrally coordinated Fe 
cations, identified by Fontijn etai. 0 Main features vis¬ 
ible in the ZFO spectra are related to transitions between 
O 2 P and Fe^+ cations. This also includes features located 
at ^ 2.53 eV and ^ 3.92 eV that are likely to arise from 
charge transfer transition from the 02 p bands to crystal 
field split t 2 g and Sg Fea^ bands, similar to transitions 
observed in iron garnets, reported by Wemple etai. m 
Transitions involving octahedrally coordinated Fe^+ cation 
give the energy splitting of approximately 1.39 eV between 
its t 2 g and e^ orbitals, consistent with values reported by 
Kim etai. and Fontijn etai. Il45ll46l The narrow feature 
dominating the CFO spectra is assigned to the CF transi¬ 
tion, located at ^ 1.90 eV.||8][9l The other two strong fea¬ 
tures located at ^ 2.26 eV and ~ 3.38 eV correspond to 
IVCT transitions between octahedrally coordinated Co^+ 
and Fe^+ cations. min As observed by Himcinschi et al 
and Kim etai, a blue shift in the transition energy posi¬ 
tions with increasing growth temperature is present for all 
MO transitions. If8l l46ll Since only a very faint magneto¬ 
optical response in the spectral range around the CF tran¬ 
sition is visible in CCO and none in ZCO, contrary to 
expectations, no modelling could be performed for these 
samples. ED 
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Table 2 Transition energies visible in diagonal, e 2 ^xx, and off-diagonal, Ci^xy for LT and HT films, elements of the di¬ 
electric tensor spectra as determined from SE and MOKE, respectively, along with the assignment of the spectral features. 
The materials, their corresponding spinel structure, and the integrated absolute values of the magneto-optical response 
over energy are given. The ions situated at octahedral sites are denoted by square brackets and the tetrahedral sites by 
parentheses. 

A.B 2 O 4 

Spinel Type 


SE € 2 ,XX 

energy 

(eV) 

LTfilm 

SE €. 2 ,XX 

energy 

(eV) 

HT film 

MOKE 

^l,xy 

energy 

(eV) 

LTfilm 

MOKE 

^l,xy 

energy 

(eV) 

HT film 

Transition 

type 

Assignment 
according 
to literature 

mmsm 

mMM 

|47l 





0.63 



IVCT 

[Fe^+]t 2 g ^ [Fe^+]t 2 g 





1.76 


2.06 

IVCT 

[Fe^+]t2g ^ [Fe^+]eg 







2.74 

ISCT 

{Fe^+)t2 ^ [Fe^+]t2g 

FFO HT 

Inverse 

0.036 




3.30 

IVCT 

[Fe^+]t2g ^ iFe^+)e 





3.45 


3.51 

ISCT 

[Fe^+]eg ^ {Fe^+)t2 







3.92 

IVCT 

[Fe^+]t2g iFe^+)t2 





5.57 




02p ^ [Fe^+Us 




0.66 




CF{Co^+) 







1.95 

1.86 

CF{Co^+) 


CFO HT 

Inverse 

0.058 

2.16 

2.14 

2.26 

2.27 

IVCT 

[Co^+]t2g ^ [Fe^+]t2g 






2.60 

2.64 

ISCT 

(Fe^+)t2 ^ [Fe^+]t2g 






3.36 

3.41 

IVCT 

[Co^~'']t2g — >■ [Fe^^]eg 




3.89 

3.87 

4.08 

3.96 

ISCT 

{Fe^+)t2 ^ [Pe^+le, 






4.72 

4.66 


Oap ^ [Fe^+]As 

CFOLT 

Disordered 

0.019 










5.97 

5.82 




02p [-Fe^~*’]>4s 




•iAl 

8.88 




Oap ^ {Co^+)y4s 




0.80 




IVCT 

{Fe^+)t2g ^ {Fe^+)eg 





2.58 

2.54 

2.52 


Oap ^ [Fe^+]3d 

ZFO HT 

Normal 

0.017 












3.40 

3.58 


Oap ^ {Fe^+)3d 




3J3 

3.88 

3.77 

4.06 


Oap ^ [Fe^+]3d 






4.70 

4.94 


Oap ^ [Fe^+Us 

ZFOLT 

Disordered 

0.033 

5.66 

5.91 


5.34 


Oap ^ [Fe^+]>4s 




8.71 

8.80 




02p 




0.68 

0.66 



CF{Co^+) 

^Aa ^^Ti{F) 

ZCO HT 

Normal 


1.66 

1.82 



CF{Co^+) 

Ma ^^Ti{P) 




3.14 

3.09 




Oap —>■ 




5.33 

5.14 




Oap \Co^+]4s 

ZCOLT 

Disordered 











6.83 

6.69 




02p (.Z^72^~*")>4s 




0.90 

0.91 



CF{Co^+) 

^Aa ^^Ti{F) 

CCO HT 

Normal 


1.74 

1.71 



ISCT 

[Co^+]t 2 g (Co'^+)t 2 g 




2.94 

2.82 




02p \Co^^\zd 





4.65 




Oap —>■ (C'o^^)3d 

CCOLT 

Disordered 


5.35 

5.13 




Oap —>■ 




7.15 

6.90 




02p (C'0^”^)>4s 
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Figure 5 a) Absorption coefficient a derived from the B-Spline MDF. The spectra are shifted vertically against each other 
for clarity as indicated by gray dashed lines, b) The refractive index in the transparent region was determined from the 
Cauchy model. 


4 General Discussion The transitions observed in 
MOKE and optical analysis were assigned to transitions 
previously observed for systems of the same materials 
from literature, which assume a cubic symmetry of both 
inverse and normal spinel structures. If8ll9l l47l It should 
be noted that while the transition energy values are con¬ 
sistent with both Fontjin eta/, as well as Kim eta/., the 
assignment of the mentioned transitions assumes an ideal 
cubic symmetry with least amount of disorder. Il43ll45l 
Transitions visible in the optical as well as in the MO 
spectra provide evidence of either octahedral or tetrahe¬ 
dral symmetry distortion. In particular, features located 
below ~ 2 eC are stronger for binary and LT ternary oxide 
films than for the HT ternary oxide hlms. The considerable 
strength of the charge transfer transition in normal spinels 
hints to the degree of inversion in the cationic structure and 
is supported by first principle studies on the formation of 
disorder and defects in oxide spinels, as reported by Marcu 
eta/, for ZFO. ll49l For an inverse spinel structure, how¬ 
ever, the inversion symmetry on the octahedral sites can be 
lost due to distortion of the octahedral symmetry, leading 
to a stronger charge transfer transition. This transition is 
most likely to occur in mixed or disordered spinels and 
shows significant absorption in those that have 2+ and 3 h- 
charged ions in high spin state. IIT tII 

Moreover, when comparing optical and MO spectra, 
not all transition features are as pronounced in both of the 
spectra. Contrary to results reported by Ohgushi et a/., no 
MO response due to the CF transition was obtained for 
CCO, and even for CFO this transition does not show a 
strong temperature dependence in the MO spectra. Fea¬ 


tures involving Fe^+ cations in both tetrahedral and oc¬ 
tahedral sites, however, found in CFO and ZFO, are the 
dominant features in the MO spectra. ||2T1 Their correspon¬ 
dence to the degree of inversion and disorder in both nor¬ 
mal and inverse spinel structures provides reasonable ex¬ 
planation for the strength of the MO response of the films. 
Although Soliman et a/, and Hou et a/, have reported that 
the total magnetic moment of the unit cell is highest for a 
normal spinel structure and decreases as the degree of in¬ 
version increases, from experimentally determined MO ac¬ 
tive off-diagonal dielectric tensor elements we have found 
that the MO response is strongest for a high crystalline 
quality inverse spinel structure. mm Future investigations 
will likely show that the overall magnetic properties of MO 
active thin films depend strongly on the crystallographic 
configuration, namely the local tetrahedral and octahedral 
symmetry and its distortion. 

5 Conclusions Normal, disordered, and inverse 
AB 2 O 4 spinel oxide thin films were deposited by PLD 
at high and low temperatures on MgO and MgAl 204 sub¬ 
strates. Smoother surface morphology, decrease in the lat¬ 
tice constant as well as a blue shift in the energies of optical 
transitions provide direct evidence for the relaxation of the 
lattice towards the bulk and an increase of the crystal qual¬ 
ity with increasing growth temperature. Optical transitions 
visible in optical and MO spectra are CF, IVCT, ISCT, 
and transitions from 02 p to A or B cation lattice sites. 
Assignment of these transitions gives an insight into the 
degree of cation disorder as well as octahedral or tetrahe¬ 
dral symmetry distortion within the lattice. The dominant 
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Photon Energy (eV) Photon Energy (eV) 

Figure 6 Imaginary part of diagonal elements e 2 ^xx (solid lines) and real part of the off-diagonal elements ei^xy (dashed 
lines) of the dielectric tensor calculated from the parametric model (right). Spectra of ei^xx (solid lines) and e 2 ,xy (dashed 
lines) (left). 


features in the off-diagonal elements, assigned primarily to 
transitions involving tetrahedrally and octahedrally coor¬ 
dinated Fe^+ cations seen in both CFO and ZFO, provide 
a reasonable explanation for the observable strength of 
the MO response. Contrary to hrst-principles studies, we 
have found that the MO response is highest for inverse 
spinel structure and lowest for a normal spinel structure. 
From this investigation we conclude that high crystalline 
quality inverse spinel thin films, containing Fe^+ cations, 
are expected to have a stronger MO response with more 
pronounced features, than a normal spinel structure thin 
film with distorted local symmetry. 
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